Non-adherence to immunosuppressive therapy is associated with reduced graft survival. Fifteen long-term follow up kidney transplant patients with stable post-transplant clinical courses were enrolled in the study. All patients were prescribed to tacrolimus prolonged release, mycophenolate mofetil (MMF) and corticosteroid at the time of enrolment. Twice-daily administration of MMF was then converted to a single daily dose. As a result, all immunosuppressive agents were administered simultaneously at one time in the morning. The daily total doses of the three immunosuppressants were identical during the study period. No acute rejection or adverse event was observed during the study period. Blood urea nitrogen and estimated glomerular filtration rate did not change significantly after conversion to once-daily administration. The blood tacrolimus trough level and the Mycophenolic acid (MPA) trough level also did not change significantly after conversion to once-daily administration. Interestingly, the meanmedian MPA trough level remained >3 μg/ml even after conversion to once-daily administration. A sufficient plasma MPA level was maintained after conversion to once-daily administration, and no acute rejection was observed during the study period. To our knowledge, this study is the first to report that the plasma MPA concentration can be maintained after once-daily administration of MMF in long-term kidney transplant patients. Once-daily administration of immunosuppressive agents may improve longterm graft survival because of better treatment adherence due to the reduced dosing frequency.
Introduction
Non-adherence to immunosuppressive therapy is associated with reduced 5-year graft survival [1] . The odds of graft failure are sevenfold greater in non-adherent patients versus adherent patients, and non-adherence is considered as the leading avoidable cause of graft failure [2] . In this prospective clinical study, we evaluated the safety and efficacy of conversion from twice-daily to once-daily administration of mycophenolate mofetil (MMF) in stable long-term kidney transplant patients.
Patients and Methods
Fifteen long-term follow up kidney transplant patients at Osaka University Hospital (Osaka, Japan) and Inoue Hospital (Suita, Japan) with stable post-transplant clinical courses were enrolled in the study. All patients were prescribed tacrolimus prolonged release (TAC-PR), MMF and corticosteroid (CS) at the time of enrolment. Twice-daily administration of MMF was then converted to a single daily dose. As a result, all immunosuppressive agents were administered simultaneously at one time in the morning. The daily total doses of the three immunosuppressants were identical during the study period. Acute rejection rate, kidney graft function, blood level of tacrolimus (TAC) and MMF, as well as other adverse events were monitored from 3 months prior to 3 months after conversion. We used repeated-measures analysis of variance followed by Dunnett's t-test to compare the laboratory data, and a p value of <0.05 was considered significant using STATA/SE 13.0 for Windows (STATA Corp. LP, College Station, TX). The Institutional Review Board at Osaka University Hospital (no. 10287) and Inoue Hospital (no. 173) approved the study protocol. The study was registered in the University Hospital Medical Information Network Clinical Trials Registry (UMIN000008985).
Results
Of the 15 patients enrolled in the study, 10 were male and 5 were female with a mean age of 48 years. On average, 8.4 years had passed since kidney transplant surgery. Table 1 summarizes the mean drug doses administered to enrolled patients; the mean TAC-PR dose was 2.2 mg/day, the mean prednisolone dose was 4.3 mg/day, and the mean MMF dose was 950 mg/day with most patients taking 1000 mg MMF/day ( Table 1) . As a result, no acute rejection or adverse event was observed during the study period. Blood urea nitrogen and estimated glomerular filtration rate did not change significantly after conversion to once-daily administration. The blood TAC trough level and the Mycophenolic acid (MPA) trough level also did not change significantly after conversion to once-daily administration. Interestingly, the median MPA trough level remained >3 μg/ml even after conversion to once-daily administration (Figure 1 ).
Discussion
We have reported previously that the adherence rate decreased with time following kidney transplantation for both the morning and evening doses, and the decrease in adherence rate was more pronounced with the evening doses. Moreover, a majority of patients (89.1%) responded that they would prefer a decreased dosing frequency at the time of the study [3] . In 2013, we also reported that a single daily dose might improve treatment adherence and kidney allograft survival [4] . In this study, we prescribed TAC-PR, MMF and CS once-daily in the morning after conversion from a twice-daily regimen. With this dosing regimen, kidney graft function remained stable and no acute rejection or other adverse events occurred within 3 months after conversion to once-daily administration. However, the long-term results of once-daily administration should be assessed in future studies.
The plasma MPA concentration of oral MMF shows a sharp peak at 1 hour and a secondary peak at 8 -12 h. The elimination half-life of MPA after administration of an oral single-dose of 1.5-g MMF to 12 healthy volunteers was 17.9 h with a clearance of 11.6 L/h [5] . In our study, the median plasma MPA trough level did not change significantly after conversion to once-daily administration. To evaluate the pharmacokinetics of oncedaily administration of MMF in depth, a 24-h pharmacokinetics of MPA would need to be conducted. The fact that the median MPA plasma trough level was maintained at >3 μg/ml 3 months after conversion to once-daily administration was worthy of special mention. A sufficient plasma MPA level was maintained after conversion to once-daily administration, and no acute rejection was observed during the study period. To our knowledge, this study is the first to report that the plasma MPA concentration can be maintained after once-daily administration of MMF in long-term kidney transplant patients. Our study is limited as a single-arm, single-center small Figure 1 . Box plots of laboratory data before, one month after, and three months after conversion. Blood urea nitrogen (BUN) and estimated glomerular filtration rate (eGFR) did not change significantly after conversion to once-daily administration. The blood tacrolimus (TAC) trough level (Cmin) and the Mycophenolic acid (MPA) trough level also did not change significantly after conversion to once-daily administration.
case study with a relatively short observation period. Long-term follow-up is needed, particularly for evaluation of treatment adherence. Concomitant non-immunosuppressive agents prescribed for hypertension, hyperlipidemia, or diabetes were not evaluated. Only patients with long-term stable clinical course were enrolled in the study, and patients with recent rejection episodes or progressively deteriorating kidney graft function were not included. The safety or efficacy of conversion to once-daily administration of MMF for such high-risk kidney transplant patients remains unknown and should be evaluated in a future randomized controlled large-scale clinical study.
Conclusion
Conversion to once-daily administration of TAC-PR, MMF and CS in long-term kidney transplant patients with stable clinical course provided a safe short-term outcome. Once-daily administration of immunosuppressive agents may improve long-term graft survival because of better treatment adherence due to the reduced dosing frequency.
